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In recent years, the increase of vehicle number in developing countries including Indonesia leads the rise of road traffic noise (RTN) 
and the RTN becomes a serious problem on living environment. Therefore, a research to abate the RTN is important. Regarding 
this, the authors start to study the characteristics and prediction method of RTN in Indonesia. As the first step, this paper shows 
the present condition of RTN in Makassar City as an example city in Indonesia. The surveys on RTN, traffic conditions, and 
vehicle horns are carried out at thirty-five main roads. The results show that the noise levels exceed 70 dB, the highest value of 
the Environmental Standard for Noise in Indonesia. Then, the authors try to predict the equivalent continuous A-weighted sound 
pressure level (LAeq) under the heterogeneous traffic condition by using the ASJ RTN-Model 2008. There are some differences 
between the measured LAeq and the predicted ones. An idea to predict the RTN by considering the low speed steady traffic flow 
and the horn sounds are presented, and the results show a moderate good prediction. However further research work is needed to 
predict the RTN more precisely and to find the method to abate the RTN in Makassar.
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1. Introduction
1.1 Research Background
In recent years, in the developing countries including 
Indonesia, one of the biggest countries in Asian 
developing countries, the environmental quality in many 
cities are gradually degrading by an incessant growth 
in the number of vehicles and the less-expanding road 
network, resulting in the increase of road traffic noise 
(RTN). Managing the RTN is a challenging task for 
environmental managers, urban planners and local 
authorities. In this view, development of the prediction 
model of RTN and the establishment of noise policy to 
abate the RTN is an urgent issue in Indonesia. However, 
to distinguish in heterogeneous traffic condition in 
developing countries from the homogeneous one in 
the developed countries is an important aspect when 
constructing a prediction model of the RTN.
Researches on the RTN have been widely applied 
in developed country including Japan, and an integrated 
noise-GIS (Geographic Information System) which 
provides general functions for urban traffic noise 
modeling, noise prediction, environmental assessment, 
noise abatement design, etc. has been established1),2),3). 
In addition, an idea to apply Genetic Algorithm, GA, to 
search for practical solution among the huge numbers 
of combination of the measures against noise and place 
has been proposed4). On the other hand, there exists 
no research on noise prediction and noise control in 
Indonesia.
Regarding to the above condition, the authors 
conduct a research to develop a method in order to find 
optimal solution for the problem of the RTN focusing 
in Makassar City, which is one of the largest cities in 
Indonesia, based on the reference scheme conducted in 
Japan. In this context, the research has three objectives 
to achieve the goals; to grasp the present condition 
of the RTN, to construct the GIS of the RTN, and to 
examine how to reduce the RTN. The outputs of the 
research consist of the present condition of the RTN, 
Makassar noise map, and guidelines for the measure 
against the RTN. These outputs are expected to become 
the first model for prediction and evaluation of the RTN 
in Indonesia and to enable government/stakeholder to 
develop, improve, and revise the standard of the RTN in 
     Volume 4, Number 1, 109 – 118
Hustim and Fujimoto110
©International Society of Habitat Engineering and Design
the country or region in further.
Makassar City is a capital city of Sulawesi Selatan 
and it is located at the western seacoast in Celebes 
Island in Indonesia. The area of Makassar is 175.77 km2 
and the population is approximately 1.27 million. In a 
substantially similar to others big cities in Indonesia and 
other cities in Asian developing countries, the number of 
motor vehicles has been growing in recent years, where 
the percentage of the growth is between 8 to 12% per 
year. According to the report of Makassar Government in 
20105), the vehicle operating on road in the city in 2008 
consists of 360,122 cars (75.80%), 77,319 cars (16.27%), 
and 26,797 cars (5.64%) for motorcycle, light vehicles, 
and heavy vehicles, respectively. This composition could 
be categorized as a heterogeneous traffic condition. As 
to the roads in Makassar, the total length of the roads in 
the city is 1593.46 km, and they have moderately good 
conditions. Assorting the roads by their function, they 
are classified into 22 arterial roads, 2,793 collector roads, 
and 1 expressway. Overall, the level service of road is on 
average 0.2 to 0.55 values. Contrary to increasing in the 
number of vehicles, the growth of the roads in Makassar 
is only 1 to 3% per year. Such conditions cause the 
saturation of vehicles in the roads and make traffic 
congestion in the city. Moreover these conditions lead 
the drivers to ignore some of important traffic roles; such 
as not to keep a certain lane of the road, and so on. Such 
bad manners of the drivers cause chaotic traffic flow and 
spoil the safety of road traffic. In this regard, drivers had 
been given tendency to use the low speed and to generate 
horn in order to keep their safety from the movements 
of other vehicles. Thus, extraneous abnormal sounds are 
added to the RTN, and consequently the sound pressure 
level of traffic on road becomes higher and higher. The 
city needs to solve such kind of the RTN problem.
1.2 Purpose of the Paper
As the first step of the research, this paper aims 1) to 
grasp the present condition of the RTN, 2) to make a 
prediction model of the RTN based on the ASJ RTN-
Model 20086), and 3) to amend ASJ RTN-Model 2008 
applicable in Makassar City with the heterogeneous 
traffic condition (horn sound and low speed-steady 
traffic flow condition).
2. Survey A
2.1 Outline of the survey
In order to grasp the present condition of the RTN in 
Makassar City, a survey of the RTN at roadside and 
other information relating to the RTN was carried out in 
August 2nd to 6th in 2010 (Survey A). Thirty five roads 
were selected for the survey from the roads over the 
whole city. They are shown in a map of Makassar City 
in Fig.1. The selection of the roads was based on the 
road type, and the selected roads are all arterial roads in 
Fig. 1  Target Roads of the Survey in Makassar City 
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Makassar City and some collector roads in the city. The 
length, the number of lanes, the width of the roads, and 
the width of the median for each road are investigated 
and the result is shown in Table 1.
The survey consists of three investigations: 1) noise 
level measurements, 2) the number of vehicles for each 
vehicle-type during the noise measurement, and 3) the 
speed of vehicle. In addition, the state of the road was 
recorded by a video camera.
2.2 Method
1) Measurement of Noise Level
The road traffic noise at the roadside of each road in 
Table 1 was measured. The measuring point was set at 
a position with the distance of 1.0-3.0m from the road 
edge and height of 1.2m above the ground by means of 
sound level meter (RION NL-32 and RION NL-21). 
A-weighted sound pressure level (LAeq, LA05, LA50, and 
LA95) of the road traffic noise was measured in ten 
minutes every one hour from 8:00 a.m. through 5:10 
p.m.; ten data for each noise index were collected for 
each road. Then, the LAeq,day is calculated from ten data of 
the LAeq,10min in each road is presented in Table 1.
2) Measurement of the Traffic Characteristics
Traffic volume during the noise measurement was 
investigated. That is, the number of heavy vehicle (HV), 
light vehicle (LV), and motorcycle (MC) during the 
noise measurement was individually counted by using a 
manual counter. The result is shown in Table 1.
The speed of vehicles was also investigated during 
the noise measurement. Some vehicles were correctly 
sampled from the whole vehicles during the noise 
measurement and the speeds of them were measured by 
a speed gun. However, the counting of the number of 
vehicles and the measurement of the speed of vehicles 
were done in only one time among ten times of the noise 
measurement in a day, and these were done only once 
for each road.
The state of the road during the investigation 
No. Road 
Road characteristic Noise level Traffic volume Speed Number of horn 
Length Lane Width dm d LAeq,day HV LV MC HV LV MC HV LV MC 
(km)  (m) (m) (m) (dB) (vec/10min) (km/h) (times/10min) 
1 R02 1.287  2 5.00 0.00 1.50 76.3 2 199 431 22.5 25.4 27.5 0 64 85  
2 R03 1.425  2 7.00 0.00 1.20 72.5 4 123 248 24.5 24.7 30.6 0 27 93  
3 R05 0.502  2 7.00 0.00 2.80 74.2 10 128 438 28.7 26.1 31.2 0 29 88  
4 R06 0.303  2 7.00 0.00 3.50 72.3 8 59 222 39.0 25.0 25.9 0 13 41  
5 R11 1.212  2 7.00 0.00 3.00 75.4 4 181 227 23.1 22.2 26.2 0 60 68  
6 R31 0.858  2 7.00 0.00 3.00 72.6 3 245 401 20.0 25.0 29.5 0 17 40  
7 R23 1.500  2 4.00 0.00 2.50 76.1 20 93 314 22.7 26.0 29.2 1 14 9  
8 R25 1.300  2 5.00 0.00 1.10 76.1 8 102 375 21.8 23.1 22.1 5 21 36  
9 R26 3.727  2 6.00 0.00 1.00 73.3 3 84 245 25.8 23.5 25.9 3 35 64  
10 R35 5.806  2 7.00 0.00 3.50 74.9 8 119 413 18.0 23.4 28.4 0 24 89  
11 R37 1.565  2 5.00 0.00 2.20 75.4 11 106 336 24.1 25.4 28.2 0 43 62  
12 R29 1.170  2 7.00 0.00 3.50 72.4 2 173 273 24.0 28.8 30.6 0 28 49  
13 R34 0.445  2 7.00 0.00 3.50 74.1 23 88 215 21.5 23.3 29.3 4 41 29  
14 R38 1.414  2 4.00 0.00 2.20 75.1 2 64 447 24.0 23.8 27.7 2 18 28  
15 R01 3.826  4 14.00 0.00 3.50 76.9 36 392 957 27.2 26.1 26.3 0 48 90  
16 R33 0.956  4 12.00 2.90 2.50 71.8 17 139 377 29.5 27.9 33.0 6 58 73  
17 R13 0.690  4 12.00 0.00 3.60 72.8 8 380 512 19.0 23.8 27.9 1 67 54  
18 R04 2.067  4 13.00 0.00 2.75 73.9 2 265 404 24.0 28.7 28.3 0 54 44  
19 R07 0.835  4 13.00 0.00 1.00 72.5 5 80 224 25.7 27.5 33.5 1 13 22  
20 R16 1.240  4 14.00 0.00 2.50 72.7 11 310 514 23.6 27.2 31.3 3 78 24  
21 R32 0.891  4 14.00 1.40 2.50 72.4 13 94 259 23.1 28.6 33.6 8 22 31  
22 R08 0.622  4 14.00 0.00 1.75 69.6 1 85 110 29.0 31.4 33.5 0 8 5  
23 R14 1.339  4 14.00 0.00 3.21 72.9 1 269 351 16.0 28.9 30.4 0 36 15  
24 R30 0.321  4 14.00 0.00 4.00 73.5 2 219 337 24.0 24.4 25.4 0 37 52  
25 R10 1.707  4 12.00 0.25 1.30 74.6 12 196 260 30.0 33.3 34.6 0 30 24  
26 R12 0.232  4 14.00 3.20 4.65 72.0 3 278 349 22.5 21.9 24.9 0 35 36  
27 R17 1.073  4 14.00 0.00 1.35 72.7 6 311 442 20.0 24.4 32.0 0 44 41  
28 R18 2.641  4 14.00 2.00 1.50 74.3 19 203 530 28.0 31.7 35.1 0 48 49  
29 R19 1.878  4 14.00 2.80 3.00 73.2 12 224 597 26.3 30.1 35.8 0 54 34  
30 R21-1 4.506  4 14.00 2.50 6.00 75.1 11 455 979 25.3 28.2 36.6 1 65 26  
31 R21-2 4.506  4 14.00 2.50 6.00 73.8 14 469 857 27.7 31.2 31.7 0 55 36  
32 R27 1.670  6 18.00 2.00 1.00 72.5 13 268 493 36.8 35.1 40.3 0 57 40  
33 R20 4.373  6 21.00 2.20 6.00 74.9 47 729 1339 24.6 25.6 32.1 24 67 31  
34 R22-1 11.970  6 21.00 3.00 3.50 76.3 28 541 1319 23.9 26.6 33.0 3 58 33  
35 R22-2 11.970  6 21.00 2.50 3.50 75.7 27 337 1002 32.0 35.9 41.9 1 29 56  
 
Table 1  Result of Survey A
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and if the Environment Quality Standard for Noise in 
Indonesia7) shall be applied, more than 90% of the areas 
exceed the standard even though the highest value of the 
standard (70 dB) is adopted.
2) Traffic Characteristics
The numbers of vehicles for ten minutes of each 
vehicle type in each road are shown in Table 1. The 
total traffic volumes are 196 to 2,115 vehicles/10min 
and the average traffic volume is 913 vehicles/10min, 
as shown in Fig.4. The percentage of the heavy vehicle 
(HV), the light vehicle (LV), and the motorcycle (MC) 
are, on average, 1.7%, 31.4%, and 66.9%, respectively. 
This definitely shows that the motorcycle commands an 
absolute majority of traffics in Makassar City and also 
the heavy vehicle is an absolute minority. 
The speed of vehicles in each road is shown in 
Table 1. They were averaged values over the speeds 
of several vehicles measured in the way described in 
2.2. The averages of each vehicle as shown in Fig.5 are 
25.1 km/h, 27.0 km/h and 30.7 km/h for heavy vehicle, 
was recorded by a video camera. After the survey, the 
number of horns generated by the vehicles was manually 
counted by watching the reproduced video in order to 
grasp how often the horn was generated by vehicles. 
The result of the speed of vehicles and the number of the 
horn measured in the above way is also shown in Table 1.
2.3 Result
1) Noise Level
Fig.2 illustrates the fluctuation of the noise level, LAeq, 
LA05, LA50, and LA95 for 10 minutes from 8 a.m to 5 p.m. 
on the R01 Jl.St.Alauddin and R20 Jl AP Pettarani. It can 
be found that noise levels were almost constant through 
the measurement hour (8 a.m. to 5 p.m.). We can also 
find in Fig.3 that the difference between the measured 
LAeq,10min during ten hours is within 3 dB in all roads. 
LAeq,day for each road is shown in Table 1. It can be 
found that LAeq,day differ from 70 dB (at the R08 Haji 
Bau street) to 77 dB (at R01 Alauddin street), and the 
arithmetic average of them is 74 dB. This shows that 
all the areas along the surveyed roads are very noisy, 
Fig. 2  Fluctuation of Road Traffic Noise Levels in a Day
Fig. 3  Maximum and Minimum among LAeq,10min in a Day 
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light vehicle and motorcycle, respectively. Overall, the 
vehicle speed is below 40.0 km/h. This phenomenon is 
different from many developed countries such as Japan. 
The phenomenon is caused by drivers’ indiscipline to 
use a certain lane, and in order to keep their safety on the 
road the vehicle has been driven at low speed.
The number of horns measured in the above way 
is shown in Table 1. The values of them widely change 
from 13 times/10min to 149 times/10min as shown in 
Fig.6. Furthermore, the percentage of heavy vehicle 
(HV), light vehicle (LV), and motorcycle (MC) that 
generated number of horn are on average, 2 times/10min, 
40 times/10min, and 46 times/10min, respectively. This 
condition is very different from developed countries 
which the vehicle horn is not a problem in the RTN.
2.4 Discussion
In order to establish a method to predict the RTN in 
Makassar City, firstly the authors applied the ASJ RTN-
Fig. 4  Number of Vehicles
Fig. 5  Average Speed of Vehicles
Fig. 6  Number of Generated Horns
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Model 2008 to predict 35 LAeq,day obtained in 2.3, and 
they are compared with the measured ones (Fig.7). Here, 
the measured values were adopted for the parameters 
necessary for predicting LAeq,day. That is, distance of 
the road from a prediction point, numbers of vehicles, 
percentages of each vehicle type shown in Table 1 
and the average speed for all the roads (28 km/h) are 
used and the non-steady traffic flow is assumed for the 
calculation of LAeq,day. The result shows in Fig.7, there is 
one data/road that is different from others. This is due 
to the unique characteristic and very small number of 
vehicles of this road. Overall, it can be clearly found that 
all the predicted LAeq,day are greater than the measured 
ones. This result is completely contrary to our empirical 
expectation while considering that measured road traffic 
noise includes the horn sounds though ASJ RTN-Model 
2008 does not consider the horn sounds utterly, and this 
suggests the necessity to explore the cause and take them 
into consideration for prediction of the RTN in Makassar 
which is under heterogeneous traffic flow.
Here the authors try to elaborate two efforts to find 
a good prediction of LAeq,day. The first is to consider 
the actual condition of the traffic flow. That is, as the 
vehicles on the surveyed roads in Makassar City run 
actually without stopping even though the vehicles do 
not run on the constant lane, the traffic flow should be 
assumed to be steady traffic flow at low vehicle speed. 
The second is the effect of the horn sounds which 
apparently influence the noise level directly. These two 
are examined in the following sections.
3. Consideration on Traffic Flow while Predicting Road 
     Traffic Noise
3.1 Steady Traffic Flow under the Low Vehicle Speed
Under the above consideration, we tried to calculate the 
RTN when traffic flow is assumed to be both non-steady 
and steady traffic flow by ASJ RTN-Model 2008. Fig.8 
and Fig.9 show the comparisons between measured 
LAeq,day and predicted ones in non-steady and in steady 
traffic flow, respectively. Here the vehicle speed is 
assumed to be 10 km/h, 20 km/h, 30 km/h, and 40 km/h.
The results in non-steady traffic flow (Fig.8) shows 
that the vehicle speeds do not influence the noise 
prediction. The result of noise prediction is same. This 
is because the differences between the power level of 
vehicles predicted by ASJ RTN-Model 2008 in non-
steady traffic flow when the speed of vehicles is between 
10km/h and 40 km/h is very small. On the contrary, the 
results in steady traffic flow (Fig.9) shows that the noise 
prediction are changed corresponding to the speed of 
vehicles and the value of 40 km/h gives the better noise 
prediction among 10 km/h and 40 km/h. The same result 
can be found in Fig.10 which shows the RMS, defined 
by root mean square of 35 differences between measured 
LAeq,day and predicted ones, when the speed of vehicles is 
varied from 10 km/h to 40 km/h.
The result of this simulation indicates that steady 
traffic flow is better for the prediction of the RTN in 
Makassar City by applying the ASJ RTN-Model 2008 
even though the speed of vehicles is still low and the 
traffic flow is heterogeneous. 
According the above examination, we continue to 
Fig. 7  Comparison between Measured LAeq,day and Predicted Ones
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predict the traffic noise levels under the actual vehicle 
speed condition (28 km/h) using the ASJ RTN-Model 
2008 under the steady traffic flow. The comparison 
between predicted LAeq,day and measured ones are shown 
in Fig.11. It was found in this figure that the predicted 
LAeq,day are smaller than the measurement ones. The 
difference between them is 2.33 dB on average. The 
result is reasonable and better than the previous one 
(Fig.7) when non-steady traffic flow is assumed, where 
the difference is approximately about 4.77 dB.
However, we also need to consider the effect of the 
horn sounds to predict the RTN more precisely.
3.2 The Effect of Horn Sound
As was shown in Fig.6 in section 2.3, the vehicles on 
the surveyed roads generated the horn many times. 
Therefore, measured LAeq,day is strongly affected by horn 
sounds, and consequently the consideration of the effect 
of horn sounds on LAeq,day is inevitable to predict the RTN 
Fig. 10  Comparison between Non-Steady and 
Steady Traffic Flow
(a) V = 10 km/h                     (b) V = 20 km/h                     (c) V = 30 km/h                   (d) V = 40 km/h
Fig. 8  Comparison between Measured LAeq,day and Predicted Ones in Non-Steady Traffic Flow
(a) V = 10 km/h                    (b) V = 20 km/h                     (c) V = 30 km/h                   (d) V = 40 km/h
Fig. 9  Comparison between Measured LAeq,day and Predicted Ones in Steady Traffic Flow
Fig. 11  Comparison between Measured LAeq,day and 
Predicted Ones in Steady Traffic Flow
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precisely. In order to improve the noise prediction, the 
authors tried to examine a method to take the effect of 
horns on noise level into consideration.
Asakura8) examined the effect of horn on the RTN 
by using the measured data in Dhaka in Bangladesh. His 
principle to calculate the effect of horn on noise level at 
the prediction point is illustrated in Fig.12. He assumed 
that horn is a point source in the same way with normal 
running vehicles in the ASJ RTN-Model 2008 except the 
power level and the duration time of horn sound (Dt). 
Asakura assumed the power level is 126 dB and the 
duration time is 0.5 second, and got a good correlation 
between measured LAeq,day and predicted ones when noise 
level of horn was considered (LAeq,horn).
In this regards, the authors tried to predict LAeq,horn 
imitating Asakura’s method. Here, the numbers of horn 
Fig. 12  Calculation of Noise Level from Horn Sound
Fig. 13  Relation between RMS and Power Level of Horn
(a) Without Considering the Effect of Horns                              (b) With Considering the Effect of Horns
Fig. 14  Comparison between Measured LAeq,10min and Predicted Ones
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in Table 1 were used for the calculation of noise level 
of horns. On the basis the ASJ RTN-Model 2008, we 
applied the similar data of ten minutes measurement in 
consideration the effect of the vehicle horn incorporating 
with the steady traffic flow. Because the power levels of 
horn sound for each vehicle type have not be clarified 
yet, we tried to search the proper value by minimizing 
the RMS between the measured LAeq,10min and predicted 
ones while the duration time is fixed as 0.5s. The result 
is shown in Fig.13. In this regard, we resulted that 91 dB 
is the best value for power level, and predicted LAeq,10min 
for the thirty five roads are shown in Fig.14. When 
comparing this with Fig.14a (without consideration of 
the effect of horn sound), Fig.14b provides the good 
agreement between the measured LAeq,10min and the 
predicted ones. 
In order to verify the above method to predict the 
effect of horn sounds on LAeq,day by amending the ASJ 
RTN-Model 2008, we carried out two additional noise 
surveys (Survey B and Survey C) in Makassar City. 
These surveys were done in April 6th to 10th in 2011 and 
June 5th to 7th in 2011, respectively. Only five roads and 
three roads among 35 roads in Survey A were selected 
as target roads in Survey B and Survey C, respectively. 
The measurements and methods in Survey B and C 
were almost the same as Survey A. The predicted LAeq,day 
when the power level of horn is assumed as 91 dB is 
compared with the measure one in Fig.15a and Fig.16a 
(a) Power Level of Horn = 91 dB       (b) Power Level of Horn = 96 dB
Fig. 16  Comparison between Measured LAeq,day and Predicted Ones in Validation Model
(a) Power Level of Horn = 91 dB     (b) Power Level of Horn = 94 dB
Fig. 15  Comparison between Measured LAeq,day and Predicted Ones in Validation Model
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for Survey B and Survey C, respectively. Moderately 
good agreement between measured LAeq,day and predicted 
one is found in both figures. In order to search the 
specific best value for each survey, the minimum value 
of the RMS between the measured LAeq,day and predicted 
ones was searched again for each survey, and 94 dB and 
96 dB were found as the specific best power level for 
Survey B and Survey C, respectively. They are similar 
to 91 dB and this implies the power level of horn sound 
is approximately between 91 and 96 dB. Fig.15b and 
Fig.16b show the comparisons between the measure 
LAeq,day and the predicted one for Survey B and Survey C, 
respectively.
From the above examination, the effect of horn 
sound on road traffic noise might be predicted by 
Asakura’s method. However to predict road traffic 
noise more precisely, we need to grasp the acoustic 
characteristics as well as the power level of horn sounds.
4. Conclusion
Road traffic noise was surveyed to grasp the present 
situation in Makassar City in Indonesia. The result shows 
that noise level at roadside of main roads in Makassar is 
very high in anytime from morning through the evening 
and it exceeds the Environmental Standard for Noise in 
Indonesian even though the highest value of the standard 
is adopted. Motorcycle is dominant traffic in Makassar 
City. The average speed of vehicles is below 40 km/h. 
In spite of low speed, the traffic is in steady traffic flow 
condition.
Significant differences exist between the measured 
LAeq,day and the predicted ones by using the ASJ RTN-
Model 2008 when the traffic is assumed to be non-steady 
traffic flow. As this might be caused by the heterogeneous 
traffic behavior of the roads in Makassar City, we tried to 
consider the traffic flow and the effect of horn sound to 
predict the road traffic noise in Makassar City. In regard 
to the traffic flow, the steady traffic flow is assumed. 
Asakura’s method is adopted to consider the effect of 
horn sound on LAeq,10min. The predicted LAeq,day considering 
them became close to the measured one, and the results 
in additional two surveys verified the validity of the 
proposed method. However to predict road traffic noise 
more precisely, further research to grasp the acoustic 
characteristics as well as the power level of horn sounds is 
needed.
In addition, the modeling of noise in GIS and 
examinations of the future scenarios to reduce and abate 
the traffic noise in Makassar are needed.
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